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Vegetative and floral phenological observations were conducted on Bruguiera gymnorrhiza (L.) Lam., Rhizophora 
mucronata (Lam.) and Avicennia marina (Forssk.) Vierh. in Mgeni Estuary. In shoots of B. gymnorrhiza in the sun, 
semi-shade and shade, leaf emergence showed high values in the warmer months with low values in the cooler 
period of the year. Although leaf abscission did not show clear trends as in the case of leaf emergence, values 
were generally lower during the cooler (and also dry) months. In all of the above light regimes the number of 
leaves/shoots showed a decrease over the 5-year period of the observations. However, longevity of leaves was 
influenced by exposure, with sun, semi-shade and shade leaves having a mean lifetime of 89,3; 103,1 and 141,8 
weeks respectively. Highest numbers of propagules were borne on shoots in the sun, none was produced in the 
shade, while an intermediate number was found in semi-shade. In R. mucronata, data for leaf emergence and 
abscission showed similar trends to those obtained for B. gymnorrhiza. The number of leaves/shoots increased 
during the 4 years of observations. Leaf longevity averaged 99,4 weeks which was longer than obtained for 
Rhizophora spp. by previous workers. Observations had to be curtailed on A. marina which revealed a bimodal 
leaf emergence pattern with low figures for leaf abscission only in the winter months. Leaf longevity averaged 
56,4 weeks which compared well with results from other workers. The significance of these results for litter 
production and degradation is considered. 
Vegetatiewe- en blomfenologiese waarnemings is op Bruguiera gymnorrhiza (L.) Lam., Rhizophora mucronata (Lam.) 
en Avicennia marina (Forssk.) Vierh. van die Mgeni-riviermonding uitgevoer. Op takke van B. gymnorrhiza, blootgestel 
aan volle son, halfskadu en skadu, toon blaarverskyning hoe waardes gedurende die warm maande en lae waardes 
gedurende die koeler periodes van die jaar. Alhoewel blaarafsnoering nie sulke duidelike tendense toon as in 
die geval van blaarverskyning nie, was die waardes in die algemeen laer gedurende die koeler (en droer) maande. 
In al die bogenoemde ligtoestande, toon die getal blarellote 'n afname oor die waarnemingsperiode van 5 jaar. 
Langlewendheid van blare was egter be'invloed deur blootstelling: blare in son, halfskadu en skadu besit 'n 
gemiddelde lewensduur van 89,3; 103,1 en 141,8 weke onderskeidelik. Die hoogste aantal propagules is gedra 
op takke blootgestel aan volle son, geen op skadutakke terwyl intermediere getalle op takke in halfskadu gevind 
is. By R. mucronata toon data vir blaarverskyning en afsnoering dieselfde verskynsel as die verkry by B. gymnorrhiza. 
Die aantal blare/takke het toegeneem gedurende die 4 jaar van waarneming. Langlewendheid beloop gemiddeld 
99,4 weke, wat langer was as die wat deur vorige navorsers by Rhizophora spp. gevind is. Waarnemings moes 
ingekort word by A. marina, wat 'n bimodale blaarverskyningspatroon volg, met lae blaarafsnoeringswaardes slegs 
gedurende die wintermaande. Langlewendheid van blare is gemiddeld 56,4 weke, wat goed vergelyk met die resultate 
van ander navorsers. Die belangrikheid van hierdie resultate met betrekking tot blaarvalproduksie en -afbraak word 
in berekening gebring. 
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Introduction 
Previous studies on mangrove communities in Mgeni Estuary 
(29°48'S, 31 °03'£) have indicated that seasonal influence may 
be significant in determining times of emergence and abscis-
sion of leaves and reproductive organs (Steinke & Charles 
1984)_ Because phenological data are important for gaining 
an understanding of behaviour of these communities and for 
interpreting the results of litter studies, some of which are still 
in progress in this estuary, it was considered that there was 
a need for more precise information than could be obtained 
from litter work. Phenological investigations of mangroves 
have received limited attention in the past (Christensen & 
Wium-Andersen 1977; Duke et at_ 1984; Gill & Tomlinson 
1971; Wium-Andersen 1981; Wium-Anderson & Christensen 
1978), and knowledge of vegetative and reproductive beha-
viour has been gleaned largely from litter studies. For these 
reasons detailed phenological observations were conducted on 
the three mangroves found commonly in this estuary. The 
present paper reports the results of these investigations. 
case of B. gymnorrhiza, continued for a period of 5 years. 
Observations on the other two species had to be discontinued 
at earlier dates as a result of vandalism and death of trees . 
Methods 
While Bruguiera gymnorrhiza (L.) Lam. and A vicennia 
marina (Forssk.) Vierh. are the most common mangroves in 
Mgeni Estuary, Rhizophora mucronata (Lam.) is also present 
and has shown an increase in recent years . 
The study was initiated on 27 August 1980 and, in the 
In the case of B. gymnorrhiza, initially the leaves were 
marked on 24 shoots growing in shade, semi-shade and sun. 
Light intensity measurements were conducted with aLi-cor 
Quantum Meter at intervals during the experimental period. 
In the open' on a cloudless day, approximately 800 IlE m - 2 
sec - 1 were recorded at noon, although variations did occur 
seasonally and with differences in cloud cover. The sun shoots 
had leaves in the open and exposed to the sun for most of 
the day. In the area of the shade shoots a light intensity of 
approximately 5,5 IlE m - 2 sec - 1 was recorded; although this 
value did not include sun flecks which were highly variable 
in area and light intensity. Sun flecks have been shown to 
occupy a significant area of forest floors and to contribute 
as much as 80070 of incident radiation at noon (Evans 1956). 
The semi-shade shoots were exposed to the sun for only part 
of the day at all seasons, the rest of each day they were in 
light shade_ The period of exposure and degree of shading 
did vary with season. All marked shoots were on trees growing 
in close proximity with a height of approximately 5 m. In 
each light condition, shoots were marked on several trees . In 
the sun, shoots from a height of 1 m to 3 m were marked, 
although in the other two conditions most marking was 
conducted at a height of 1 m. Marking was done lightly with 
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a Koki pen after preliminary observations had shown that this 
method had no damaging effects on the heavily cuticularized 
leaf surfaces. After the initial marking the trees were re-visited 
at 4-weekly intervals except during the period 19/10/83 to 
21112/83 when the normal pattern of observation was un-
avoidably disrupted. At each visit observations were made on 
the emergence of new leaves and flower buds and abscission 
of leaves and propagules on each shoot. New leaves were 
marked as soon as they had unfolded. Marking of new leaves 
continued until 23 October 1985, but abscission of leaves was 
monitored until 12 March 1986. 
In the case of R. mucronata, a small tree of 2,5 m in the 
open was used. Leaves were marked as described previously 
but on only 12 shoots from 1 to 2 m in height and observa-
tions were recorded at the same time as for the previous 
species. As this tree was adjacent to a path, it was vandalized 
repeatedly with the result that the marked shoots were lost 
by degrees and this work was finally terminated on 19 
December 1984. 
Initially the leaves were marked as described previously on 
16 shoots of A . marina growing in sun and shade. Light 
intensity in the open was as recorded earlier, although the 
shade under these trees was not as dense and a mean value 
of approximately 22,1 J.lE m - 2 sec - I was obtained. Height 
of trees was approximately 8 m and marking was carried out 
at a height of 1 to 2 m. Observations were recorded as 
indicated previously, but vandalism and die-back of branches 
carrying marked shoots caused the early termination of 
recordings on the shade and sun shoots on 22/9/82 and 
15/2/84 respectively. 
In spite of the replications and the homogeneity of the 
stands, the leaf emergence and abscission data showed fluc-
tuations between observations. In order to smooth out these 
local fluctuations the 3-point moving average technique was 
applied to the data (Chatfield 1975; Nater et al. 1982). Mean 
monthly temperatures and rainfall for the study period (S.A. 
Weather Bureau, Louis Botha Airport, Durban) were used 
for calculating correlations with these data. 
Results and Discussion 
Each year of the study runs from September to August. 
1,00 ( a ) Shade 
0.' 
Q5 
0.25 
~ 
.2 
~ 
1,00 
x 
$ 
$ 
• 0 .75 
~ 
'-
'0 
Q5 
~ 0 .2 
'-
· 
$ 
> 
· ~ 
0 . 25 
S.-Afr. Tydskr. Plantk., 1988, 54(2) 
Bruguiera gymnorrhiza 
The data for leaf emergence under conditions of shade, semi-
shade and sun are presented in Figure la, b & c respectively. 
In all three conditions leaf emergence showed clear trends of 
high values in the warmer months with troughs in the cooler 
period of the year. In sun, semi-shade and shade, leaf emer-
gence was highly correlated (P < 0,01) with mean monthly 
temperatures (r = 0,75; r = 0,83 and r = 0,84 respectively), 
but was not as highly correlated with mean monthly rainfall 
(r = 0,27; r = 0,40 and r = 0,33 respectively). However, 
differences between seasons appeared to be greater in semi-
shade than in sun and shade, indicating that there was a more 
even leaf emergence in the latter conditions. It is suggested 
that this could in part be due to the fact that under sun and 
shade conditions the light micro-climate was more uniform 
than in the case of semi-shade. There was a tendency for peaks 
of leaf emergence to be lower towards the end of the experi-
mental period. This is confirmed by the decline in leaf/shoot 
ratios during this period. Although the trends were similar 
in the three conditions, it is clear that in the sun and semi-
shade conditions peaks were higher than in the shade, sug-
gesting that rate of leaf emergence in the latter condition could 
be lower. Statistical analysis (Table 1) confirmed that mean 
rates of leaf emergence under shade conditions were sig-
nificantly slower (P < 0,01) than in the other two conditions 
which were themselves not significantly different. In no 
condition were rates significantly different in different years. 
Although in some cases rates approach significance, variability 
in data was too great, due largely to seasonal influences. 
The data for leaf abscission (Figure 2a, b & c) did not show 
Table 1 Mean rates of leaf emergence and abscission 
(leaves/shoot/4-week period) in B. gymnorrhiza for the 
experimental period 1980/81 to 1984/85 
Conditions 
Leaf emergence 
Leaf abscission 
Sun 
0,64 
0,65 
Semi-shade 
0,69 
0,63 
For statistical significances refer to text 
Shade 
0,48 
0,48 
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Figure 1 Mean leaf emergence in B. gymnorrhiza for the period 1980/81 to 1984/85 under conditions of (a) shade, (b) semi-shade and (c) sun. 
Vertical bars represent SE. 
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Figure 2 Mean leaf abscission in B, gymnorrhiza for the period 1980/ 81 to 1984/ 85 under conditions of (a) shade, (b) semi-shade and (c) sun . 
Vertical bars represent SE. 
definite trends as in the case of leaf emergence, although 
usually abscission was lower during the cooler months and 
showed an increase by spring. The leaf emergence data were 
less variable than the abscission data because leaves were 
produced in pairs. Leaf abscission in the three light regimes 
was not significantly correlated with either mean monthly 
temperature or rainfall. The less clear-cut trend in abscission 
suggests that leaf fall was influenced by a wider set of con-
ditions than leaf emergence, e.g. in the field it has been 
observed that leaf fall is increased by such factors as hail and 
gale-force winds. That environmental extremes do increase leaf 
fall of R. mangle has been confirmed by Pool et al. (1975) . 
Mean rates of leaf abscission (Table 1) revealed the same 
significance shown for rates of leaf emergence. For each light 
condition there was no significant difference between mean 
rates of leaf emergence and abscission for the experimental 
period. 
For the duration of the observation periods linear equations 
were fitted to the leaf/shoot data for sun and shade areas, 
while a quadratic equation was fitted to the semi-shade data. 
In all cases the correlations (r-values) were highly significant 
(P < 0,01). In the sun there was a decrease in leaves/ shoots 
from an estimated y = 16,7 at the beginning of the experi-
mental period to an estimated value of 11,1 at the end. 
Although there was also a decrease in shade, this was more 
gradual, the number of leaves/shoots varying from an esti-
mated 15,1 to 13,4 at the start and end respectively. The 
number of leaves/shoots in semi-shade increased slowly to 
a peak of 15,9 and then showed a relatively rapid decrease 
to 10,0 at the end of the observation period. These differences 
between conditions are difficult to explain but suggest that 
ageing of shoots and shading by increasing numbers of shoots, 
which resulted from growth of the trees, could be involved. 
Longevity of leaves was influenced by exposure and by time 
(Table 2). Sun leaves had the shortest lifespan, followed by 
leaves in semi-shade, while shade leaves remained on the trees 
for the longest period. Because of this it was possible to obtain 
data for only 2 years in the latter treatment. Although 
longevity of sun leaves did not decrease significantly with time, 
leaves produced in 1982/83 in semi-shade conditions did show 
a significant decrease (P < 0,01), while there was a smaller 
decrease in longevity of leaves produced in 1981/82 in shade 
Table 2 Mean longevities (weeks) of leaves of B. gymnorrhiza 
Conditions 
Mean for 
experimental period 
Mean longevity 
per year 
Sun 
89,3 
C 
Leaves produced 
1980/ 81 1981182 1982/ 83 
91,3 90,7 85 ,0 
Cd Cd Cd 
Semi-shade Shade 
103 ,1 141,8 
B A 
Leaves produced Leaves produced 
1980/ 81 1981182 1982/ 83 1980/ 81 1981182 
114,0 104,6 91,4 148,4 135,8 
Bc Bc Cd Aa Ab 
Any two treatments which do not have a letter in common differ significantly: capital letters denote significances at the 
1070 level, small letters show significance at the 5% level 
100 
(P < 0,05). These values agree closely with the estimated 
longevity of 27 ± 8 months in Australia (Duke et al. 1984). 
Although no other data are available for B. gymnorrhiza, a 
study on B. cylindrica revealed an average lifetime of 13 
months for leaves (Wium-Anderson & Christensen 1978). 
These results tie in well with the leaf/shoot data. It is possible 
that the decrease in longevity could be attributed to the 
prolonged dry periods experienced in 1982 and 1983 (Weather 
Office, Louis Botha Airport, Durban). In R. mangle periods 
of high leaf fall have been recorded during prolonged drought 
(pool et al. 1975). The B. gymnorrhiza community is periodi-
cally inundated by saline waters during high spring tides 
particularly at the time of the equinoxes, but lack of rainfall 
during dry periods has been shown to result in increasing 
soil salinities (Naidoo pers. comm.). Results of pot trials have 
indicated that growth of this species is adversely affected by 
salinities above 17,50 /00 (Todd 1981). 
Propagule development was also influenced by exposure 
(Table 3). No propagules were produced in the shade, an 
intermediate number were borne on semi-shaded shoots, while 
exposed shoots were the most productive in terms of repro-
ductive material. No values were available for 1985 because 
a hailstorm on 25 April 1984 virtually stripped the trees of 
buds, flowers and fertile calyces. Figure 3 depicts the develop-
mental process of propagules from the bud and flower stages 
in the 1982/83 and 1983/84 seasons. In this Figure repro-
ductive units range from buds to mature propagules. Flower-
ing started in February. 
Although by March there was no increase in numbers in 
semi-shade, flowers and post-flowering calyces reached a peak 
under sun conditions. Subsequently there was abscission of 
calyces to a constant level of fertile calyces which developed 
into propagules. Although with 4-weekly observations it was 
not possible to ascertain precisely why calyces had abscised, 
from observation it would appear that failure of flowers to 
Table 3 Mean numbers of mature B. gymnorrhiza 
propagules/shoots prior to abscission 
Periods 
January 1982 
January 1983 
January 1984 
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Figure 3 Propagule development in B. gymnorrhiza in the 1982/83 
and 1983/84 seasons. 
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become fertilized was an important factor. Fall of mature 
propagules occurred between December and May with the 
greatest drop taking place during February/March, i.e. a 
development period of approximately 12 months from flower-
ing. Duke et al. (1984), who reported a development period 
of 5 - 9 months in tropical Australia, suggested a possible 
relationship between this period and latitude. At Mgeni 27,7070 
of the reproductive units attained maturity as propagules, 
while those Australian workers recorded a corresponding 
figure of 16,8070. 
Rhizophora mucronata 
Data for leaf emergence and abscission showed similar trends 
to those obtained for B. gymnorrhiza (Figure 4a & b). High 
values for leaf emergence in the warmer months alternated 
with low values in the cooler months and significant correla-
tions were obtained with mean monthly temperature (r = 
0,82; P < 0,01) and rainfall (r = 0,34; P < 0,05). Similar 
trends based on stipule counts, were obtained for three 
Rhizophora spp. in tropical Australia (Anon. 1978). However, 
in the first 3 years of the study there was a significant dip 
in emergence during the warm season. There appeared to be 
two leaf flushes within the growing season: the first in spring 
and the other, of shorter duration, in the late summer/ 
autumn. Leaf abscission was not significantly correlated with 
temperature or rainfall and appeared to be less dependent 
upon season than leaf emergence. Although an undulatory 
abscission curve was obtained as well, there was not as much 
distinction between peaks and troughs which also occurred 
at relatively irregular frequencies. Although Williams et al. 
(1981) did not report on R. mucronata, their results with three 
other Rhizophora species indicated seasonal trends in leaf fall 
which were ascribed largely to rainfall. 
To the leaf/shoot data a linear equation was fitted, There 
was an increase in leaves/shoots from an estimated y = 8,8 
at the beginning of the observation period to a value of 10,1 
at the end. This tree was in the open and relatively little 
shading of leaves would have occurred, in fact the vandalism 
to which this specimen was exposed and which resulted in 
several branches being broken off, must have ensured that 
the surviving leaves were subjected to progressively less shading 
over the period of the observations. 
In longevity of leaves produced during the first 2 years of 
observations there was no significant difference between years 
and a weighted mean value of 99,4 weeks was obtained. This 
value was very much higher than the results obtained in R. 
mucronata, R. mangle and R. apiculata where leaves were 
found to be on the trees for less than a year, approximately 
1 year and 17 -18 months respectively before abscission (Gill 
& Tomlinson 1971; Teas 1976; Christensen & Wium-Andersen 
1977; Wium-Andersen 1981). 
A vicennia marina 
Unfortunately, because of the problems described earlier, there 
were insufficient data to allow statistical comparisons of the 
leaf emergence and abscission data and for this reason a 
descriptive account only will be given. Field observation had 
indicated that there appeared to be two leaf flushes per year, 
which was confirmed in this study. A bimodal leaf emergence ' 
pattern was also reported from Thailand (Wium-Andersen & 
Christensen 1978). The two peaks of leaf emergence were in 
spring (August/September) before bud appearance in late 
October (Steinke & Charles 1984) and in autumn (March to 
May) after propagules had reached maturity and started 
falling. Leaf emergence during summer took place at a steady 
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Figure 4 Mean leaf emergence (a) and abscission (b) in R. mucronata for the period 1980/ 81 to 1983/ 84. Vertical bars represent SE. 
but decreased rate, although very few new leaves were pro-
duced in November which was the peak period of bud 
appearance and onset of flowering . In contrast with leaf 
emergence, leaf abscission did not appear to be as dependent 
upon season and only the winter months (JunelJuly) revealed 
very low figures. There appeared to be little difference in times 
of leaf emergence and abscission between sun and shade 
branches, although in the same period fewer leaves were 
produced under shade conditions. 
Longevity of leaves could be determined only for the first 
year of the study. There was no significant difference between 
mean longevities of shade and sun leaves which were 57,1 and 
55,7 weeks respectively, figures which compare well with a 
period of 13 months observed in Thailand (Wium-Andersen 
& Christensen 1978). 
Discussion 
The high values in the warmer months implied that tempera-
ture was an important factor determining leaf emergence in 
B. gymnorrhiza and R. mucronata. However, it is possible 
that these peaks were the result not only of higher tempera-
tures but that other unmonitored factors might also have had 
an influence in the summer months, e.g. longer photoperiod, 
higher radiation intensity and more favourable soil moisture 
conditions during the rainy season. In contrast with these 
results, it was indicated for tropical stands of R. mucronata 
(Wium-Andersen 1981) and R. stylosa and R. apiculata (Leach 
& Burgin 1985) that as new leaves are produced throughout 
the year stress does not appear to limit production. These 
differences in behaviour can probably be ascribed to the fact 
that the Mgeni mangroves are growing in a subtropical region 
approaching the southern-most limit of their distribution. 
The failure to correlate leaf abscission with environmental 
factors was consistent with other work (Sasekumar & Loi 
1983; Leach & Burgin 1985; Lopez-Portillo & Ezcurra 1985). 
However, it has been suggested that ground-water salinity 
changes might be an important factor determining leaf fall 
(Pool et al. 1975), although evidence presented by Wium-
Andersen & Christensen (1978) and Leach & Burgin (1985) 
indicated that this would not always be the case. The fact 
that in this study leaf abscission generally showed an increase 
during the spring, which is the end of the dry period when 
salinities can be expected to increase, indicates that correlation 
of salinity changes with leaf abscission would warrant investi-
gation in the future. It is perhaps significant that during the 
prolonged dry periods of 1982 and 1983 early leaf fall was 
recorded. That increased salinity was not the only determinant 
of leaf abscission, however, was clear from the high values 
recorded at other times also. Earlier work (Steinke & Charles 
1984) suggested hormonal involvement in controlling leaf 
abscission and investigations into this aspect have been 
initiated. 
It is clear from these results that in B. gymnorrhiza not 
all parts of a tree would contribute equally towards litter 
production. The rapid turn-over of leaves, as indicated by 
longevity, suggested that sun shoots would contribute greatly 
towards leaf litter, although the exact extent of their contri-
bution is difficult to assess. While semi-shade shoots did not 
have such a rapid leaf tum-over, it is probable that these could 
form a high proportion of shoots on a tree, particularly as 
B. gymnorrhiza under natural conditions frequently grows in 
the shade of other trees and so their contribution towards total 
leaf litter could be higher than suggested by the figures for 
single shoots. Sun shoots produced the greatest number of 
propagules, an observation consistent with results obtained 
from biomass studies in the field (Steinke & Ward, in prep.). 
On the other hand, it is clear that shade leaves would make 
only a small contribution towards leaf litter and shade shoots 
produced no propagules. It is suggested that leaves in deep 
shade mostly received light below their compensation point, 
at which time they might be a sink for photosynthates pro-
duced by leaves in more favourable light regimes. Golley et 
al. (1962) suggested that in shade leaves of R. mangle, loss 
from respiration exceeded gross photosynthesis. The impor-
tance of shade leaves as a net importer or exporter of photo-
synthates is under investigation in the Mgeni estuary. 
This study was able to indicate a possible pattern of leaf 
litter production in B. gymnorrhiza. A comparison of the leaf 
abscission graphs (Figure 2a, b & c) indicates that shoots in 
shade, semi-shade and sun rarely achieved peak values simul-
taneously. Notwithstanding the unequal contributions from 
shoots in these three light regimes this would still result in 
leaf fall over a longer period than would be achieved if 
abscission were simultaneous. This suggests that with de-
composition, nutrients would be released and made available 
to the ecosystem on a more sustained basis. As litter has been 
shown to be important in the food web of mangrove com-
munities (Odum & Heald 1972) these results could have 
significant implications for the maintenance of high produc-
tivity levels over a longer period. 
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